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Volatilisation losses 
Nitrogen losses from volatilisation 
occur mainly from urea. Free 
ammonia is formed as urea breaks 
down. In the soil this ammonia is 
dissolved in the soil moisture or 
attached to the soil exchange 
complex, so there is little or no loss 
to the atmosphere. However, if the 
urea is left uncovered on the soil 
surface and enough moisture is 
Another method of minimising 
leaching losses is by using slow 
release fertilisers. Many of these have 
been tried but they are usually 
expensive and generally have been 
found to release nitrogen too slowly 
for crops which require considerable 
amounts of nitrogen in the early 
stages of growth. However, research 
being carried out by the Tennessee 
Valley Authority in the U.S.A., is 
showing promise of producing 
controlled release nitrogenous 
fertilisers such as sulphur-coated 
urea. Products with a whole range of 
release rates can be produced. 
Several grades of sulphur-coated urea 
have been tried in Western 
Australian Department of 
Agriculture experiments, but did not 
show any great benefit. Perhaps the 
the ammonium form. These 
chemicals are not widely available or 
used at present but represent one 
possible means of reducing leaching 
losses. 
• A big proportion of the nitrogen fertilisers 
used in Western Australia is applied 
through combines. 
Leaching losses 
Leaching losses can be minimised by 
better-timed nitrogen applications. If 
leaching is a problem the nitrogen 
should not be applied until the crop 
has germinated and the plants have 
developed root systems which can 
take up much of the nitrogen before 
it moves out of reach. Table I shows 
the effects of time of application of 
urea on the recovery of the fertiliser 
nitrogen and the subsequent grain 
yields of plants grown on a sandy soil 
at Lancelin, (Mason et al. 1972). If 
nitrogen is applied just before very 
heavy rains, leaching losses can be 
very large, but it is almost impossible 
to forecast when heavy falls of rain 
will occur. · 
Nitrogen in the form of nitrate has 
virtually no hold on the soil and is 
readily leached, moving with the 
moisture front. On the other hand 
ammonium nitrogen, as contained in 
fertilisers such as ammonium 
sulphate, is not leached from soils 
containing mulch clay or organic 
matter. This exchange complex holds 
the positively charged ammonium 
ions and prevents downward 
leaching. Therefore in soils with a 
potentital leaching problem it is 
better to use an ammonium source of 
nitrogen and attempt to keep it in 
this form for as long as possible. 
Normally ammonium nitrogen is 
converted rapidly in soils to the 
leachable nitrate form. This· 
nitrification process, carried out by 
the nitrifying bacteria Nitrosomonas 
and Nitrobacter, can be slowed down 
by nitrification inhibitors, such as N- 
Serve®. These chemicals selectively 
inhibit the Nitrosomonas bacteria 
thus keeping the nitrogen longer in 
As the cost of nitrogenous fertilisers 
increases, so does the need to use 
them efficiently. This means taking 
all economicallyjustifiable steps to 
maximise nitrogen uptake by the 
crop plants and to reduce losses from 
the soil-plant system. 
The main avenues of nitrogen loss 
from fertiliser and soil are: leaching 
out of the root zone; volatilisation; 
denitrification; uptake by weeds and 
erosion. 
By M. G. Mason, Research Officer, Division of Plant Research 
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release rates needed for local 
conditions are different to those 
tested. 
In situations highly susceptible to 
leaching, splitting the application 
may give better use of nitrogenous 
fertiliser. However, it may still be 
necessary to delay the first 
application until the crop has 
germinated and produced some root 
growth. Obviously, splitting the · 
application means an extra operation 
cost, so the extra benefit would need 
to be weighed against the extra cost. 
Soil nitrogen and availability 
The more 'available' nitrogen already 
in the soil the lower the response to 
applied fertiliser nitrogen. For this 
reason less nitrogen is usually needed 
on first crops after good clover 
pastures or on heavy soils. The 
amount of nitrogen in the soil can be 
measured readily by chemical 
analysis. However, these 
measurements may not always be 
closely related to the nitrogen which 
will be available to the growing crop. 
The bulk of the total nitrogen in the 
soil is tied up in the organic matter in 
such forms as proteins and amino 
acids. While it is in this form the 
nitrogen is not available to the crop. 
Plants can only take up nitrogen in 
the inorganic forms, such as 
ammonium and nitrate nitrogen. The 
inorganic nitrogen also can be 
measured readily, but because a Jot 
of it can be lost, or more can be 
produced from mineralisation of 
organic matter before the crop is 
sown, this may not be well related to 
the situation the plant encounters. 
Growing season temperatures 
If the winter temperatures fall too 
low, crop growth slows down or 
stops for a time, reducing soil 
nitrogen uptake by the roots. Heavy 
rain may fall at this time, causing 
nitrogen in the soil to be leached, 
perhaps below the root zone, thus 
limiting the response to applied 
nitrogen. In areas where winter 
temperatures are not so low, a crop 
may take up more of the applied 
nitrogen and give a bigger yield 
response. 
These first four factors are extremely 
important in determining responses 
to nitrogen. They would account for 
a big proportion of the variability of 
results obtained from using 
nitrogenous fertilisers on crops. 
Unfortunately it appears that little 
can be done to eliminate this source 
of error in predicting crop responses 
to nitrogen. 
nitrogen or fertiliser nitrogen by 
leaching. Any loss of soil nitrogen 
would increase the likelihood of a 
response to later applications of 
fertiliser nitrogen but if fertiliser 
nitrogen were lost through leaching, 
the effectiveness of that application 
would be reduced. 
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Rainfall distribution 
Rainfall distribution is even harder to 
predict than annual or growing 
season rainfall. However, it is very 
important. Poor finishing rains and 
lack of soil moisture will reduce the 
overall yields, and limit any grain 
yield response to nitrogenous 
fertiliser even though vegetative 
growth many have responded well. In 
fact, nitrogenous fertiliser may cause 
"burning off" and a yield reduction 
during a dry seasonal finish. On the 
other hand too much rainfall at any 
one time may cause waterlogging and 
reduce both yield and response to 
nitrogen, or cause severe losses of soil 
Growing season rainfall 
Records may show the long term 
average rainfall for the growing 
season for many areas, but big 
variations can occur from one season 
to the next. In Western Australia 
responses to nitrogen may be 
predicted more confidently, and the 
optimum rate of application will 
increase, as the average growing 
season rainfall increases. 
Length of growing season 
Records may show the average 
growing season length for any 
particular area, but the actual length 
of any particular season may vary 
from the average. Within limits, the 
response to nitrogenous fertilisers 
will increase with length of growing 
season, so a response to nitrogenous 
fertiliser can be predicted more 
confidently in areas with a longer 
growing season, and optimum rates 
of application will tend to be higher 
there than for areas with shorter 
growing seasons. 
Factors affecting response to 
nitrogenous fertilisers 
The response by crops to nitrogenous 
fertilisers and the amount of nitrogen 
which should be added to give 
optimum returns depends on many 
interacting factors. 
These factors do not operate 
independently but interact with one 
another. 
containing most of the soil nitrogen. 
If top soil is removed by wind and 
water erosion significant quantities of 
potentially available nitrogen are 
lost. 
Denitrification 
Denitrification probably is not an 
important widespread source of 
fertiliser nitrogen loss in Western 
Australia. Nitrate or nitrite forms of 
nitrogen can be reduced into gases 
such as nitrogen, nitrous oxide and 
nitrogen dioxide, which escape into 
the atmosphere. This happens mainly 
under anaerobic conditions such as in 
waterlogged soils. However, 
anaerobic pockets in an otherwise 
aerobic soil can cause denitrification 
at a low level. Ammonium nitrogen is 
virtually unaffected by this process, 
so it has advantages in waterlogging- 
prone soils. If possible, the nitrogen 
should be kept in the ammonium form 
for as long as possible. 
Uptake by weeds 
Weeds compete with crops for 
applied nitrogen, moisture, other 
nutrients and possibly light. By 
limiting the growth and yield of the 
crop, they can limit its response to 
nitrogenous fertilisers. 
Erosion 
Surface soil can be rich in organic 
matter, the soil component 
available for the urea to start 
breaking down, then nitrogen can be 
lost into the atmosphere as ammonia 
gas. Most of this loss can be avoided 
by making sure the urea is covered by 
at least a thin layer of soil. If the urea 
is topdressed onto the soil surface 
and a reasonably heavy rain follows, 
the urea will be washed into the soil 
and there should be little or no loss 
of nitrogen through volatilisation. 
The breakdown of urea is assisted by 
the enzyme urease. Relatively big 
quantities of this enzyme usually are 
found in pasture soils because of the 
high level of organic matter, so urea 
would not be the best nitrogen 
fertiliser for topdressing pastures. 
Volatilisation losses also can occur 
from ammonium nitrogen fertilisers 
when they are applied to very 
alkaline soils which contain free 
calcium carbonate. Ammonia gas is 
formed, and can be lost into the 
atmosphere. However, apart from a 
narrow strip along the west coast 
such as near Dongara, most of the 
light soils in Western Australia are 
on the acid side of neutral, (lower 
than pH7). 
Denitrification 
Losses due to denitrification will 
increase the requirement for fertiliser 
nitrogen in a soil. However, 
conditions such as waterlogging, 
which favour denitrification are more 
likely to occur on heavier soil types 
which generally have higher nitrogen 
contents. It could be important on 
duplex soils such as sand over clay. 
There is not likely to be much benefit 
from nitrogen fertiliser topdressed 
while the crop is still waterlogged. 
system has time to develop. Uptake 
will increase with even later 
applications so long as enough soil 
moisture is available, but the 
nitrogen is needed early in the life of 
the plant for such purposes as tiller 
production and floret initiation. Even 
though much later applications may 
result in greater uptake of fertiliser 
nitrogen, this may result in a lower 
yield than from earlier application. 
Nitrogen + Leaching 
Loss 
Nitrification 
Nitrate 
Volatilisation 
(Urea) 
PLANT 
Ammonia 
Gas 
t 
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Rate of nitrogen uptake by plants 
If the plant is taking nitrogen up 
rapidly there will be less chance of it 
being lost from the system, hence less 
fertiliser nitrogen will be needed than 
where uptake is slower and losses 
greater. The uptake depends on 
temperature and moisture, and, 
importantly, on the extent of the root 
system. Therefore in soils where 
leaching is likely to be severe, 
applications of nitrogenous fertiliser 
should be delayed for at least four 
weeks after sowing so that a root 
rate of nitrification is affected by 
factors such as moisture, temperature 
and soil pH. In soils where the 
nitrification rate is low-such as very 
acid soils-there will be less nitrate 
nitrogen available for leaching. 
Because losses due to leaching are 
lower, less fertiliser nitrogen should 
be needed. 
Soil 
Organic 
Matter 
(Organic 
Nitrogen 
Compounds) 
SOIL 
• West oats (left) and Swan oars, 
both growing without nitrogen 
on a leached soil type. 
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Nitrification rates 
Nitrification is the process whereby 
the ammonium component of a 
compound is oxidised to nitrate. The 
Leaching losses 
In light soils where leaching can be 
severe, it is likely that more fertiliser 
nitrogen would be needed than on 
medium or heavier soil types where 
the soil nitrogen is not lost to the 
same extent by leaching. More 
attention must be given to timing of 
applications on the lighter soils. 
For a soil test to be useful it must be 
reasonably easy to do and must be 
done early enough for a 
recommendation to be made well 
before planting. For this reason soil 
samples should be taken in February 
to March, even though there is 
probably less chance of the test 
reflecting conditions to be 
encountered by the crop than if a 
measurement were taken much closer 
to sowing. 
An important aspect is the rate at 
which the organic matter is 
mineralised to produce 'available' 
nitrogen throughout the season. The 
rate of mineralisation depends on 
many factors such as temperature, 
moisture, pH, organic matter content 
and ratio of carbon to nitrogen in the 
organic matter. 
Also this rate of mineralisation varies 
constantly throughout the growing 
season, as these factors vary. Some 
soil tests involve an incubation 
procedure; where the amount of 
mineralised nitrogen formed in a 
standard time under standard 
moisture and temperature conditions 
is measured. 
Site history 
The history of a site is extremely 
important in determining the 
response to nitrogen by a crop. A 
crop grown after a very good stand 
of legumes which has been growing 
for many years is far less likely to 
give a response to nitrogen than a 
new land crop, or a second, third or 
fourth crop after clover or a crop on 
old non-clover land. The response 
will depend on how good the legume 
pasture was and possibly how long 
the paddock has been in pasture. 
The rate of application of 
nitrogenous fertiliser to give 
maximum profit will depend on both 
the cost of nitrogenous fertiliser 
applied to the soil and the monetary 
return per tonne of grain produced. 
As the price of nitrogenous fertiliser 
rises the most profitable rate of 
application falls, but a rise in the 
price received for the grain results in 
the most profitable application rate 
rising. Therefore both prices need to 
be considered when determining the 
optimum rate of application. 
Crop species 
The crop species grown will affect the 
optimum rate of nitrogen required 
because the most profitable rate of 
application will depend on the price 
obtained for the particular grain. The 
most profitable rate will be higher for 
a crop with a higher value. 
There is little evidence of any great 
difference in the rate of nitrogenous 
fertiliser required by different 
varieties of the same crop in Western 
Australia, except for instances where 
long growing season varieties are 
grown in areas with a short growing 
season, where, because they do not 
finish properly, there is a poorer 
response to nitrogen fertiliser than 
from varieties better suited to the 
area. 
Of course legume crops such as 
lupins fix their own nitrogen and do 
not require any added fertiliser 
nitrogen. 
Volatilisation 
Volatilisation has been discussed 
earlier. If nitrogen has been lost from 
urea due to volatilisation then the 
response to a particular rate of 
applied nitrogen will be lower than 
expected. 
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Other nutrients 
If other major nutrients such as 
phosphorus, or trace elements such 
as copper and zinc, are in such low 
supply as to limit growth, a crop's 
response to nitrogen will be limited. 
Time of application 
Nitrogen nutrition is important to the 
young cereal plant. In this early stage 
tillers are formed and the potential 
for grain numbers is set. 
Consequently the recommendations 
for timing the application of nitrogen 
to cereals range from application at 
sowing to up to six weeks after 
sowing depending on the area and 
soil type ( Mason 1979). Even though 
profitable responses can often be 
obtained with later applications, the 
optimum time is usually during this 
early period. Often a split application 
can be used, for example when an N- 
p compound fertiliser such as D.A.P. 
is drilled with the seed and extra 
nitrogen as urea or Agran 34-0 is 
topdressed three to four weeks later 
to bring the total nitrogen 
application up to the required level. 
The effectiveness of a nitrogenous 
fertiliser application at any particular 
time depends on the timings of heavy 
rains. If heavy rain falls soon after an 
application, then much of the 
nitrogen may be lost by leaching. The 
recommendations are based on 
average responses and are the times 
most likely to give best results. 
Sowing date 
Early sowing increases the 
proportion of the growing season 
available to the crop and usually 
results in higher yields. This allows a 
greater potential for response to 
nitrogenous fertilisers. Early sown 
crops use nitrogen more efficiently 
than later sown ones, which may 
need higher rates of applied nitrogen 
to achieve the same yields. 
Disease, insects and frost 
Disease, insects and frost will 
adversely affect a crop's response to 
nitrogen fertilisers. 
Weed control 
The effect of weeds on nitrogenous 
fertiliser requirements was discussed 
earlier. 
Stubble treatment 
Stubble from a cereal crop has a high 
carbon content and low nitrogen 
content. If it is ploughed into the soil 
it is broken down by micro 
organisms. However, there is not 
enough nitrogen in the stubble for 
the organisms so they utilise available 
soil nitrogen during this breakdown 
process. This means that a 
proportion of the soil nitrogen is 
temporarily unavailable to the crop. 
If soil nitrogen is limited, extra 
fertiliser nitrogen will have to be 
applied to makeup for this 'tied-up' 
nitrogen. The amount of nitrogen 
tied up will depend on how much 
stubble is turned in and also the 
carbon:nitrogen ratio of the straw. 
Burning removes this low nitrogen 
material, as does grazing, thus less 
nitrogen is tied up. 
Fertiliser placement 
While phosphatic fertilisers should be 
drilled in contact with the cereal seed, 
nitrogenous fertilisers drilled this way 
can, under some conditions, reduce 
germination. If this reduction is 
severe then the response to 
nitrogenous fertiliser will be limited 
or even negative. Urea should not be 
drilled in contact with the seed 
( Mason et al. I 969; Mason et al. 
I 970) because free ammonia formed 
during its breakdown is toxic to the 
germinating seed (Figure 2). Other 
forms of nitrogenous fertiliser, such 
as ammonium nitrate (Agran 34-0) or 
ammonium sulphate, can reduce 
germination when seed is planted 
into moist soil and a long dry period 
follows sowing ( Mason 1977). Under 
dry conditions this can also occur 
with nitrogen-phosphorus (N-P) 
compound fertilisers such as the 
Agras compounds and D.A.P. (di- 
ammonium phosphate). However, 
these compounds are not likely to 
seriously affect germination at 
normally used rates of application, 
for example up to about 200kg/ ha. 
Ammonium nitrate and ammonium 
sulphate also can be fairly safely 
drilled at rates up to 120kg/ha with 
cereal seed. 
For very sensitive crops such as rape 
and linseed no nitrogenous fertiliser 
should be placed in contact with the 
seed (Mason 1971). 
